Elbow stiffness is a well-recognized complication following elbow trauma, but little information is available regarding the surgical treatment of elbow stiffness in children and adolescents. This article presents the results of open arthrolysis with twin incisions and a hinged external fixator to treat severe elbow contracture in children and adolescents.
P osttraumatic elbow stiffness is common in children and adolescents. Most of these young patients are initially treated with static splinting and physical therapy. If the stiffness does not improve with time and exercise, surgical treatment is considered. Thickened capsule and heterotopic bone are excised during the surgical treatment. Due to a lack of comprehensive understanding of the pathogenesis of elbow stiffness, the results of treatment are often suboptimal. Management of stiff elbow remains controversial, with no consensus on the most appropriate treatment for children and adolescents.
Many reports document the efficacy of surgical treatment of elbow stiffness in adults. However, few reports address open release elbow stiffness in children and adolescent patients. [1] [2] [3] [4] [5] [6] Stans et al 4 reported that, compared with adults, results in children and adolescents are less predictable and less favorable. The goal of the current study was to demonstrate the results of managing posttraumatic elbow stiffness in children and adolescents.
Materials and Methods
Between 2005 and 2009, twenty-one adolescents with posttraumatic elbow stiffness were managed with a combination of hinged external fixation and arthrolysis by lateral and medial approaches. All patients were treated by the same author (C.F.). These patients had previously undergone different treatment at other institutions. The indication for surgery in all patients was an established, functionally significant extension deficit that was unresponsive to nonoperative treatment at least 6 months after injury. Patients exhibiting a loss of extension greater than 30° and flexion less than 110° or a range of motion (ROM) less than 100° were included in the study. Flexion and extension were measured by a goniometer positioned along the lateral aspect of the arm and forearm and centered on the lateral epicondyle.
The study group comprised 11 girls and 10 boys with an average age of 14.9 years (range, 7-19 years) at surgery. Average follow-up was 29 months (range, 24-48 months). Average time from initial injury to surgery was 14.5 months (range, 7-50 months) ( Table 1) . Three patients had heterotopic ossification preoperatively ( Figure 1) .
surgical technique
All patients underwent surgery in the supine position under general anesthesia. To alleviate postoperative analgesia, patients were supplemented by a brachial plexus block. Retained hardware from previous fracture fixation was routinely removed. The medial incision started over the medial supracondylar ridge and crossed the elbow joint. As a routine medial-sided release, the ulnar nerve was transposed into the subcutaneous tissues. The transposed ulnar nerve allowed excursion of the nerve throughout the newly acquired ROM. To preserve the lateral collateral ligamentous structures and protect the overlying neurovascular structures, sharp dissections were performed carefully when releasing anterior and posterior capsules. Any osteophytes or heterotopic ossifications restricting motion were excised. 7 When the olecranon inhibited the motion of the elbow extension, its tip was shortened approximately 1 cm to increase the extension angle. If necessary, the olecranon fossa was debrided. In all cases, the medial collateral ligament was either torn or fibrosed and contracted, and a release was performed. To keep the elbow stabilized, the anterior part of the medial collateral ligament was not released. 8 Next, the extended Kocher approach was performed at the lateral incision. A lateral incision was made and the joint entered between the extensor carpi ulnaris and anconeus muscle. The joint was thoroughly debrided, and any heterotopic ossification was removed. If the lateral collateral ligament was torn or contracted, a release was performed. When the part of the anterior capsule was excised and all the marginal osteophytes were removed, the humeroradial joints were also released. To totally release the joint, the radial bundle of the lateral collateral ligament was excised. However, to prevent subsequent instability, the ulnar bundle of the ligament was left. 9 If the radial head affected forearm rotation and was significantly damaged, it was excised. The radial heads in 3 patients were excised, and the radial head in 1 patient was replaced with a metal prosthesis. Range of motion was assessed, and a range of 210° extension to 140° flexion was considered adequate.
A hinged elbow fixator (Orthofix, Verona, Italy) was applied with the axis centered over the capitellum and Schantz pins in the humerus and radius. Identifying the elbow rotational axis was the key step of applying a hinged external fixator, after which the surgeon drilled along the axis with a 1.5-mm Kirschner wire. The middle part of the hinged external fixator was placed through the Kirschner wire. The other parts of the fixator were placed through the Schantz pin on the humerus and radius. Thereafter, the flexor-pronator origin was sutured and the wound was closed over a drainage tube.
Postoperative Management
Instructions for active movement exercises were given during the early postoperative period. On postoperative day 1, all patients performed active-assisted ROM exercises. Meanwhile, active exercises were performed by patients as tolerated. Postoperative exercises consisted of active-assisted and passive elbow flexion and extension exercises. Emphasis was placed on slow stretching of the elbow. Aggressive manipulation was not undertaken. The fixator was unlocked, and cycle extension and flexion exercises were performed gradually 4 times a day for no less than 4 hours. The fixator was locked at night alternately in the extremes of flexion and extension achieved by the patient each day. When the 24-hour discharge from the drain was less than 50 mL, the drain was removed. The drain was typically removed on the third day. Notably, patients attained progressively increasing ROM over the first 10 to 14 days, after which the progression slowed.
Patients attended biweekly followup, and ROM was assessed with strict adherence to the described mobilization program. The fixator was removed without anesthesia 6 weeks after arthrolysis as an outpatient procedure. To prevent heterotopic ossification, patients were given nonsteroidal anti-inflammatory drugs, such as indomethacin (25 mg), 3 times a day over 6 weeks. 10 This protocol was followed rigorously in every case.
Evaluation
Plain radiograph evaluations and computed tomography scans were performed preoperatively in all patients. The aim of the computed tomography scans was to further determine the location of the heterotopic bone. To check for recurrence of myositis, anteroposterior and lateral radiographs were taken at 1 and 3 months postoperatively. Thereafter, radiographs were taken every 6 months and at final follow-up to check for intra-articular changes. Pain at rest and with activity was determined on a visual analogue scale. The Mayo elbow score 11 and ROM were evaluated pre-and postoperatively at 3, 12, and 24 months.
Statistical Analysis
Statistical analysis of changes in ROM, Mayo elbow score, and baseline measurements of extension and flexion were performed using Student's paired t test. The sign test was used to evaluate the changes in the visual analog scale score. A P value less than .0005 was regarded as statistically significant.
results
Average elbow extension decreased from 42.6° (range, 0°-80°) preoperatively to 10° (range, 0°-30°) at 3-month followup, and average elbow flexion improved from 70.2° (range, 30°-100°) preoperatively to 122.8° (range, 90°-140°) at 3-month follow-up (P,.0005) ( Table 1) . Mean elbow ROM improved from 28.5° (range, 0°-80°) preoperatively to 114.5° (range, 60°-140°) at 3-month followup. Therefore, mean ROM increased by 84.7°. No significant loss of ROM occurred during follow-up. No differences in ROM and Mayo elbow scores existed during follow-up. No significant differences existed between visual analog scale scores and ROM for pronation and supination during follow-up.
Mean Mayo elbow score improved from 48 points (range, 35-65 points) preoperatively to 95 points (range, 75-100 points) at 24-month follow-up, and 9 patients had excellent results, 7 had good results, 4 had fair results, and 1 had a poor result (Table 2) . No deep infections or pin-tract infections occurred, and all elbows were kept stable. No vascular or neurologic complications and no signs of elbow arthritis were noted. In 1 of 3 patients with radial head excision, overgrowth of the stump of the radius was observed. Fortunately, no functional limitation was found. One patient exhibited loss of motion after open release. All patients reported satisfaction with the postoperative effect. Figure 2 shows pre-and postoperative and 24-month follow-up ROM in 1 patient.
discussion
Children and adolescents are not immune to posttraumatic elbow contracture. Several studies describe various approaches to treat elbow stiffness in children and adolescents (Table 3) . 1, [3] [4] [5] [6] This article presents the authors' experience with a series of stiff elbows in 21 consecutive children and adolescents using a hinged external fixator and a combined mediolateral approach to address elbow contracture.
Various surgical approaches have been devised for elbow contracture treatment, with each approach having advantages and disadvantages. The anterior approach allows access to the anterior capsule, brachialis muscle, and biceps tendon; however, the neurovascular structures must be manipulated, and the olecranon fossa cannot be visualized with this approach. The posterior approach has been associated with good results, but neither anterior contractures nor the coronoid fossa can be accessed. 12 Arthroscopic release is limited to mild and moderate stiffness of the el- 
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bow 13,14 because a stiff elbow capsule has considerably less capacity and compliance than a capsule in a normal elbow, thereby increasing the potential neurovascular injury in elbow arthroscopy. 15 Advocates of a lateral approach claim some advantages, such as less risk of nerve damage and fewer wound complications. However, ulnar paraesthesia is the main complication seen after release by lateral incision. 16 The medial approach permits access to the anterior and posterior parts of the joint and exposes the ulnar nerve, 9 but the radial head and lateral ligament complex are beyond reach.
The current authors used a combined mediolateral approach to address the joint contracture from all sides and perform an extensive radical release. The combined mediolateral approach enabled them to achieve an intraoperative range of 210° extension to 140° flexion. With the wide exposure, radical arthrolysis and release of collateral ligaments may contribute to postoperative instability; thus, a hinged external fixator was used to enhance elbow stability. The hinged external fixator can also be applied in this condition to allow for soft tissue restitution without hindering early postoperative movement. A uniplanar hinged fixator has shown promising results when used for acute fracturedislocations of the elbow and is better tolerated than ring fixators around the arm. 17 Treating unstable elbows with hinged external fixators is an effective method and allows patients to exercise soon after surgery with no complications.
Various studies have reported progressive loss of ROM in the postoperative period compared with the ROM achieved with surgery. 9, 18 Stans et al 4 reported the outcomes of 37 patients with posttraumatic elbow stiffness. Mean ROM improved from 66° preoperatively to 94° postoperatively. Twenty-eight (76%) patients had an improvement of 10° or more, and 17 (46%) achieved a functional ROM of 100° (range, 30°-130°). In the current study, mean ROM improved from 49° to 114°, and little loss of ROM occurred in the postoperative period. The addition of a hinged external fixator may be beneficial to increasing ROM postoperatively.
Using a hinged external fixator has several advantages. First, it increases ROM after arthrolysis and improves elbow stability. Second, distraction arthroplasty may aid cartilage healing. 19 It has been reported that distraction interposition arthroplasty yields satisfactory results 69% to 92% of the time using the hinged external fixator to minimize insult to the cartilage tissue during early postoperative motion. 20 It is well known that the ulnar nerve is often trapped by scarring and fibrosis if prolonged immobilization or stiffness of 
2A 2B
2C 2D the elbow occurs after trauma. Transient paresthesia in the distribution of the ulnar nerve is the most common complication after release of severe elbow contractures. This is attributed to traction neuritis caused by the abrupt increase in elbow flexion intraoperatively. Even in the absence of preoperative neurological symptoms, the nerve may be compromised subclinically and become symptomatic as elbow flexion increases postoperatively. Postoperative neuropathies have commonly been reported in the literature. 18 However, in our series of patients, no cases of neuropathy occurred, possibly because all patients underwent transposition of the ulnar nerve.
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Numerous factors affect postoperative outcomes. Constant passive exercise and physical therapy are important to minimize the loss of movement acquired intraoperatively. Four hours of continuous passive and active movement daily play a key role in preventing recurrence of joint adhesion. Compliance with postoperative rehabilitation is likely the biggest factor related to postoperative results. The patient in this study who did not gain ideal recovery postoperatively had trouble controlling pain and was unable to undergo continuous passive exercise therapy postoperatively. Patients' compliance to rehabilitation and their tolerance to pain during exercises primarily contributes to ideal postoperative results. Accordingly, active and passive motion with slow stretch of the elbow during the early postoperative period are important in postoperative physical therapy, and a hinged external fixator plays a key role in these postoperative exercises.
Heterotopic ossification is the most common extrinsic cause of elbow contracture. 21 Currently, no data support the idea that radiotherapy is useful for detecting heterotopic ossification recurrence after elbow open arthrolysis. The current findings further supported this idea. In this study, no radiographic recurrence of heterotopic ossification occurred among the patients. Given the associated cost and potential complications, only oral indomethacin was used for heterotopic ossification prophylaxis.
conclusion
This study demonstrates that the application of lateral and medial approaches to stiff elbow release and a hinged external fixator for successful rehabilitation can lead to achievement of an excellent ROM in children and adolescents with elbow stiffness. This is a valuable and effective procedure for posttraumatic elbow contracture in patients with an increase in flexion, extension, and elbow functional assessment scores. The current approach produced favorable results compared with those described in previous reports.
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